BACKGROUND: The period in each menstrual cycle during which sexual intercourse can result in conception is called the 'fertile window'. Although the fertile window closes on the day of ovulation, little is known about the moment it opens. We defined the first day of normal sperm-mucus interaction as the opening of the fertile window. We hypothesized that length of the fertile window varies between couples and that the number of days the fertile window is 'open' is related to the time to spontaneous conception. METHODS: Serial post-coital tests and sperm-mucus penetration tests were performed to detect the first normal sperm-mucus interaction day. Ovulation was confirmed by serial ultrasound. Using Cox' regression analysis, we determined whether the fertile window length was associated with time to ongoing pregnancy. This association was expressed in fecundability ratios (FR). RESULTS: The fertile window length was determined in 410 subfertile couples. The fertile window length varied among couples from <1 to >5 days. The FR increased with increasing fertile window length and varied between 0.11 (95% CI: 0.03-0.45) for a fertile window of 1 day, to 2.4 (95% CI: 1.1-5.2) for a fertile window of 5 days or more. CONCLUSIONS: The longer the fertile window in subfertile couples, the higher is the probability of spontaneously conceiving an ongoing pregnancy.
Introduction
Sexual intercourse can only result in conception if it occurs on or during the 5 days preceding ovulation (Wilcox et al., 1995 (Wilcox et al., , 2000 Dunson et al., 2001; Bigelow et al., 2004) . Although this 'fertile window', by definition, closes on the day of ovulation (Wilcox et al., 1995) , precise estimates of the variation in length of the fertile window are lacking. Conception is unlikely if cervical mucus quality is poor, since spermatozoa will not penetrate it (Dunson et al., 2001; Francavilla et al., 2002; Stanford et al., 2003) . Since cervical mucus quality improves towards ovulation (Billings et al., 1972) , the first day of normal sperm -mucus interaction determines the opening and the length of the fertile window. We hypothesized that the fertile window length, defined as the interval from the first day of normal sperm-mucus interaction to ovulation, varies among couples and that the length of the fertile window is related to the occurrence of spontaneous ongoing pregnancy.
Patients and Methods
Subfertile couples referred between 1998 and 2003 for a basic fertility work-up in our fertility centre in Tilburg, The Netherlands, were studied prospectively. The fertility work-up was performed according to a strict protocol and consisted of cycle monitoring by ultrasound, ultrasonographic examination of the uterus and ovaries, semen analysis, serial assessment of sperm-mucus interaction and diagnostic laparoscopy with dye testing. This study was approved by the Institutional Review Board.
Couples with a regular menstrual cycle with an average length between 25 and 35 days were included. Couples with anovulation, or in whom tubal pathology (one or both sided tubal obstruction), moderate or severe endometriosis (mAFS ¼ modified American Fertility Society (mAFS) scoring system, which is a Method of assessment of the incidence, extent and severity of adhesions from laparoscopic video recordings stage III/IV), uterine abnormalities, or severe male subfertility (a total count of ,1 Â 10 6 morphologically normal and motile spermatozoa) was diagnosed, were excluded from the study.
Ultrasound ovulation detection and cervical mucus sampling were started at least 5 days before ovulation, as estimated by menstrual history. For example, if the shortest cycle length was 28 days, the first mucus sampling started at day 9. Ultrasound scanning and cervical mucus aspiration were performed at each visit, at 1 to 2 day intervals until follicle rupture was confirmed by ultrasound. Sperm -mucus interaction was assessed by the post-coital test (PCT). The PCT was performed within 48 h following sexual intercourse. In case of an abnormal PCT result or if couples did not have intercourse in this period, the sperm-mucus interaction was assessed by the spermmucus penetration test (SMPT). The SMPT is an accepted in vitro sperm-mucus interaction test (Kremer and Kroeks, 1975; WHO laboratory manual, 1992) . To perform the SMPTs, all mucus samples were stored at 78C until detection of ovulation. Then, a new semen sample was obtained, to perform SMPTs on all mucus samples simultaneously. The SMPT was performed in capillary tubes and the (homologous) sperm-mucus interaction was assessed after 2 h at 4 cm distance of the sperm reservoir (Kremer and Kroeks, 1975) . Normal sperm-mucus interaction was defined as the presence of at least one progressively motile spermatozoon per high power microscope field in either the PCT or SMPT. In several studies it has been demonstrated that normal sperm-mucus interaction by this definition is related to the likelihood of spontaneous conception (Oei et al., 1995; Glazener et al., 2000) .
The first day of the fertile window was defined as the day of sexual intercourse resulting in the first normal PCT, or the day of the first normal SMPT result. Closure of the fertile window was defined as the day of ovulation (Wilcox et al., 1995) . The day of ovulation was detected by serial ultrasound (Vermesh et al., 1987; Guermandi et al., 2001) . Couples in whom both the PCT and SMPT remained abnormal until ovulation, were considered to have a fertile window length of one day or less.
Couples were not monitored in weekends. As a consequence, we had difficulty in determining the fertile window length accurately when the first day of normal sperm-mucus interaction or ovulation was detected on a Monday. We could not rule out that the fertile window might have started or ended already on the preceding Saturday or Sunday. In these couples, we were only able to determine the minimum fertile window length. We evaluated the minimum fertile window length in these couples separately from the couples in whom we did observe the complete fertile window.
Couples were monitored for the occurrence of a spontaneous ongoing pregnancy (defined as a viable fetus at first trimester ultrasound) within one year of initial assessment. The fertile window length was determined once in each couple, in the first cycle of their fertility work-up. Time to pregnancy, i.e. the time interval from the first day of the first cycle of the fertility work-up, to the first day of the last menstrual period preceding an ongoing pregnancy, was the primary endpoint of the study. Follow-up ended when fertility treatment started, a spontaneous conception occurred, or at one year after the initial assessment.
The fertile window length was related to the time interval to the conception of an ongoing pregnancy using Cox' Regression analysis and Kaplan-Meier analysis. A Kaplan -Meier curve was constructed separately for those couples with a complete fertile window, and for those couples in whom only the minimum fertile window could be determined. The primary outcome was fecundability ratio (FR), as a measure for the relationship of the fertile window length with the time to ongoing pregnancy. The FR is equivalent to the hazard ratio, and is a relative rate that takes time to event into account. It describes the effect of an explanatory variable, in this case the fertile window length, on the chance of ongoing pregnancy. To define the FR for different lengths of the fertile window, the complete fertile window length most frequently observed was used as reference group. For this fertile window length, the FR was set at 1.0. We defined separate FR's for couples in whom the complete fertile window length and couples in whom the minimum fertile window length had been determined. Both the complete and minimum fertile window length group were analysed separately in the Cox' regression model. To determine if differences in clinical characteristics were confounding the FR's of the fertile window length, we performed a multivariable Cox' regression analysis. We included the following clinical characteristics in the model: female age; duration and type of subfertility; and sperm volume, concentration, motility and morphology.
Results
A total of 410 couples were eligible for the study. Baseline characteristics are shown in Table 1 , and did not differ between the group with a complete fertile window length and the group with a minimum fertile window length (data not shown). In all couples, sperm-mucus assessment started at least 5 days before the day on which ovulation was confirmed. In 83.0% of couples with a complete fertile window length, sperm -mucus assessment and ultrasound were performed on a daily basis.
The complete fertile window could be determined in 212 couples, whereas in the remaining 198 couples the first day of the fertile window (n ¼ 58) or the day of ovulation (n ¼ 140) was detected on a Monday. In these 198 couples the minimum fertile window length was related to occurrence of pregnancy. In 165 couples follow-up ended before the 12-month evaluation period due to fertility treatment (i.e. active censoring). Their cycles until the moment of censoring were included in the final analysis. Twenty-one couples were lost to follow-up. Within 12 months of initial assessment, a spontaneous ongoing pregnancy was observed in 116 couples (28.3%). The average conception rate per month was 4.3%.
The length of the fertile window in the complete fertile window group varied between 1 day to .5 days (Fig. 1) . The Kaplan -Meier analysis showed a very strong relationship of the complete fertile window length with the occurence of an ongoing pregnancy within the first year after initial assessment ( Fig. 2A) . The Kaplan -Meier chart for the minimum fertile window group showed a similar trend (Fig. 2B) .
The most frequently observed complete fertile window length was 3 days. Thus, the group of couples with this fertile window length was taken as the reference group in the Cox' regression models. The FRs for the various fertile window lengths are given in Table 2 and ranged from 0.11 to 2.4. Also in the minimum fertile window group, the length of the fertile window was associated with the probability of ongoing pregnancy and FRs varied between 0.28 and 2.5.
In multivariable Cox' analysis, the fertile window length remained a strong determinant of the chance for the spontaneous conception of an ongoing pregnancy (Table 2). ; 95% CI: 1.02 -1.14) were significantly related with ongoing pregnancy in the first 12 months.
Discussion
This prospective study shows that the fertile window length, based on ultrasonographically timed testing of the spermmucus interaction, varies among couples from ,1 day to .5 days, and is related to the probability of a spontaneous conception of an ongoing pregnancy in the next 12 months. Although this relationship was strongest for the complete fertile window length group, it was also observed in those couples for whom we could only estimate a minimum fertile window length. These findings disprove the paradigm that the fertile window is a fixed period of 5 or 6 days, ending on the day of ovulation (Wilcox et al., 1995 (Wilcox et al., , 2000 Dunson et al., 2001; Bigelow et al., 2004) .
Our study was performed in a clinical setting. Since monitoring was not available at weekends, a complete fertile window length could be determined in only 212 of the 410 couples. In order to avoid bias from imprecise estimates of the fertile window length in the other couples, we classified and analysed the latter separately as couples with a minimum fertile window length. However, our initial hypothesis could be accepted on the basis of the findings in these couples too.
We acknowledge that the number of visits needed to determine the fertile window length by ultrasound is considerable. Although ultrasound is an accurate and widely accepted method for ovulation detection, urinary LH-testing is a reliable alternative and may reduce the number of visits required for determining the fertile window length (Vermesh et al., 1987; Guermandi et al., 2001) . A clinical limitation of the fertile window length is that its assessment requires a substantial effort by fertility professionals, and might pose a burden on subfertile couples. It is widely believed that repeated PCTs are unacceptable for many couples. In this study .80% of all couples accepted the PCTs on a daily base. The predictive value of the PCT has been evaluated as poor in a systematic review (Oei et al., 1995) , but this apparently was due to disregarding the effect of the duration of subfertility. The accuracy of the PCT in predicting pregnancy is related to the duration of subfertility (Glazener et al., 2000) . The clinical usefulness of the PCT is affected by incorrect timing in the cycle (Griffith and Grimes, 1990) . Nevertheless, the PCT has vanished from many fertility clinics. Our data strongly suggest that the fertile window length has more potential to predict spontaneous conception than a single and poorly timed PCT, the reintroduction of which is not to be recommended. Alternative and less cumbersome methods to acquire information about the fertile window length would be of great benefit to its clinical usefulness.
Our study has some potential limitations. First, we omitted to control for the time interval between intercourse and ovulation, which has been shown to be an important marker of the chance to conceive (Wilcox et al., 1995 (Wilcox et al., , 2000 Bigelow et al., 2004) . Also, the frequency of intercourse and the quality of the cervical mucus around ovulation are related to pregnancy chance (Wilcox et al., 1995; Bigelow et al., 2004) . In our clinical study, we did not control for these factors either. Second, the first ultrasound was timed on the basis of the length of the previous cycles, which is not necessarily a precise estimate of the length of the cycle under investigation. Nevertheless, the first ultrasound and cervical mucus examination were performed at least 5 days prior to ovulation in all couples. Therefore, we are not concerned that the fertile window length has been underestimated in a significant proportion of the couples.
In conclusion, we showed that the length of the fertile window varies considerably among subfertile couples and Fig. 2A) , and in 198 couples in whom the minimum fertile window length was determined (Fig. 2B ). --¼ couples with a fertile window length of five days or more (n ¼ 17 for the complete fertile window length), -. -¼ couples with a fertile window length of four days (n ¼ 47 for the complete fertile window length, n ¼ 6 for the minimum fertile window length), B B B B B ¼ couples with a fertile window length of three days (n ¼ 58 for the complete fertile window length, n ¼ 50 for the minimum fertile window length), --¼couples with a fertile window length of two days (n ¼ 34 for the complete fertile window length, n ¼ 69 for the minimum fertile window length), ---¼ couples with a fertile window length of one day or shorter (n ¼ 54 for the complete fertile window length, n ¼ 73 for the minimum fertile window length).
that it is closely related with the chance of spontaneous conception of an ongoing pregnancy. The concept of the fertile window length merits evaluation for its potential as a fertility marker in other populations. Keulers et al.
